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EVALUATION  OF  DRT  FILM  LUBRICABTS  Og  ALUMINUM  AMD  HAG1E8IUM 


ABSTRACT 


Vendors '  literature  has  recommended  the  application 
of  dry  film  lubricants  to  various  aluminum  ami  magnesium  alloys. 

In  order  to  evaluate  these  recosmendations,  combinations  of 
several,  dry  film  lubricants  applied  to  representative  aluminum 
and  magnesium  alloys  with  various  surface  preparation  procedures 
were  tested. 

Of  the  combinations  tested,  the  optimum  combination  of 
surface  pretreatment  and  dry  film  lubricant  in  the  case  of  7075-T6 
aluminum  alloy  v&s  found  to  be  Electrofilm  5396  lubricant  applied 
to  a  hard  coated  surface.  When  testing  HK31A  magnesium  alloy,  the 
optimum  combination  was  that  of  Electrofilm  5396  applied  to  a  sur¬ 
face  pretreated  with  a  Dow  17  Type  I  coating,  followed  by  Everlube 
620  lubricant  applied  to  the  Bame  pretreated  surface. 


revisco 


MAC  231U  tACV  I  AU&  *!| 


MCDONNELL 

ST.  LOUIS,  MISSOURI  2 

LABORATORY  REPORT  RER0RT - 


FIHAL  REPORT 

1.  ISTRODUCTIOR 

A  need  has  developed  for  test  data  concerning  the  performance  to 
be  expected  from  dry  film  lubricants  when  applied  to  aluminum  and  mag¬ 
nesium  alloys.  Recommendations  for  theae  applications  have  appeared  in 
some  recent  vendors'  literature.  Tests  were  conducted  at  room  temperature 
and  at  250F  with  3  dry  film  lubricants  applied  to  an  aluminum  and  a  mag¬ 
nesium  alloy,  each  with  various  surface  preparations. 

These  tests  were  performed  by  the  Structures  laboratory  of 
McDonnell  Aircraft  Corporation  during  the  period  5  March  through  11  Sep¬ 
tember  1962. 


2.  DESCRIPTION  OF  TEST  ARTICLES 

The  test  cups  and  riders  were  fabricated  to  the  configuration 
shown  in  Figures  1  and  2  on  page  8  .  Nine  of  the  teat  cups  were  made  of 
7075-T6  aluminum  alloy  and  6  of  HK31A  magnesium  alloy.  The  riders  were  of 
52100  steel  (Rc5&),  and  were  drilled  to  provide  a  thermocouple  well  to  be 
used  in  elevated  temperature  testing. 

Three  of  the  aluminum  alloy  test  cups  were  subjected  to  each  of 
the  following  surface  preparation  methods:  Hard  coat  0.002-inch  thick 
per  PS  13208,  alodine  per  PS  13209,  and  anodize  per  PS  13201.  Three  of 
the  magnesium  alloy  cups  were  surface-conditioned  by  each  of  the  follow¬ 
ing  methods :  Dow  17  coating,  "  Type  I  ,  per  PS  13217,  and  HAE  Type  II 
coating  performed  by  an  outside  vendor. 

The  dry  film  lubricants  included  in  the  tests,  Molykote  X-106, 
Electrofilm  5396,  and  Everlube  620,  were  applied  to  the  test  cups  by 
spraying.  Micrometer  measurements  were  conducted  before  and  after  spray¬ 
ing  to  assure  uniform  lubricant  thickness. 

Table  1  on  page  5  sumnarizes  the  surface  preparation  and  lub¬ 
ricant  applied  to  each  of  the  test  cups. 


3.  TEST  PROCEDURE 

All  tests  were  conducted  on  a  McMillan  wear  tester  shown  in 
Figure  3  on  page  9  ,  equipped  with  a  heating  element  and  pyrometer  for 
elevated  temperature  testing.  A  cutoff  switch,  activated  by  the  input 
of  a  strain  gage,  was  employed  to  stop  the  test  when  the  coefficient  of 
friction  reached  0.2.  Tie  strain  gages  were  attached  to  the  oscillating 
linkage  arm,  as  shown  in  Figure  k  on  page  10,  and  were  calibrated  to  re¬ 
late  the  strain  in  the  linkage  arm  to  a  coefficient  of  friction  of  0.2. 
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3.  TEST  PROCEDURE  (CORTIKDED) 

If  this  point  was  not  attained,  the  test  was  discontinued  after  50  hours. 

The  test  cups  were  rotated  with  an  oscillating  notion  through  an 
arc  of  approximately  45*.  This  resulted  in  a  test  length  of  about  0.75 
inch  and  allowed  4  tests  per  cup,  2  at  room  temperature  followed  by  2  at 
250F.  The  position  of  the  test  cup  relative  to  the  rider  is  shown  in  Fig¬ 
ure  5  on  page  11  . 

The  normal  load  applied  to  the  test  surface  was  calculated  from 
the  weight  applied  to  the  load  pan,  plus  that  of  the  pan  and  linkage  am, 
reacting  through  a  linkage  arm  ratio  of  29.5.  Normal  loads  of  99  pounds 
were  applied  to  the  magnesium  alloy  surfaces,  and  of  187.5  pounds  to  the 
aluminum  alloy  test  surfaces.  In  each  case,  the  load  was  applied  in  in¬ 
crements  to  prevent  premature  failure  because  of  possible  damage  to  the 
test  surface  caused  by  sudden  loading.  The  timer  was  started  after  load¬ 
ing  was  completed,  and  subsequent  inspections  performed  to  assure  even 
contact  between  the  test  cups  and  riders. 


4.  TEST  RESULTS 

The  oscillatory  motion  was  applied  at  a  rate  of  195  cycles  per 
minute;  after  measuring  the  time  to  failure,  the  number  of  cycles  sustain¬ 
ed  before  failure  was  calculated.  In  several  cases,  failure  occurred  dur¬ 
ing  loading  and  the  cycles  to  failure  values  was  taken  as  zero. 

The  test  results  are  tabulated  for  the  aluminum  alloy,  7075-T6 
and  the  magnesium  alloy,  HK31A,  in  Tables  2  and  5  on  pages  6  and  7  , 
respectively. 


5.  DISCUSSIOH  OF  TEST  RESULTS 

Of  the  various  combinations  of  base  metal  alloy,  surface  prepar¬ 
ation,  and  dry  film  lubricant  tested,  either  at  room  temperature  or  at  250F, 
none  approached  the  50  hour  maximum  test  period.  Considerable  scatter  in 
the  test  results  was  encountered;  frequently  one  test  condition  would  yield 
comparatively  good  results  and  an  identical  test  would  result  in  failure 
before  the  load  was  completely  applied.  The  photomacrographs  presented 
in  Figures  6  through  53  on  pages  12  through  39  show  the  surfaces  of  each 
cup  section  at  approximately  4X  magnification  after  test.  The  results 
of  Test  Ho.  28  were  discarded  because  the  contact  area  was  approximately 
twice  as  long  as  those  of  the  other  tests. 
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6.  COHCLUSIOE 

Of  the  combination*  of  dry  film  lubricant  and  surface  pretreat- 
■ent  tested  vith  7075 -T6  aluminum  alloy,  the  optimum  combination  of  sur¬ 
face  pretreatment  and  dry  film  lubricant  application  was  that  of  Electro- 
film  5396  applied  to  a  surface  hard  coated  in  accord  with  PS  13208.  The 
next  2  most  successful  combinations  were  Ererlube  620  applied  to  a  hard 
coated  aluminum  surface,  followed  by  Electrofilm  5396  applied  to  a  surface 
alodlned  per  PS  13209. 

In  testing  RKJ1A  magnesium  alloy  cups,  the  optimum  surface  prep¬ 
aration  dry  film  lubricant  combination  was  found  to  be  Electrofilm  5396 
lubricant  applied  to  a  Dow  17  type  I  surface,  followed  by  Everlube  620 
applied  to  the  magnesium  alloy  of  the  same  surface  preparation. 
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TABLE  2  -  alumutum  TEST  cups 

Test  Test  Surface 

Cup  ITo.  Pretreatuent 

Dry film  Lubrioant 
applied 

Test 

Tenp. 

(  F) 

Time  to 
Failure 
(hr.) 

Cycles  to 
Failure 

Alodine 


inodlse 


Ever lube  820 


Molykote  X-10G 


Electron  lm  5396 


Ever lube  620 


table  3 

-  MAGHESIUM  TEST  CUPS 

Test i Test  Surface 

Dryfilm  Lubricant 

Test  ‘Tine  to 

Cycles  to 

Cup  |  !To.  '  Pretreatnent 

i  i 

i  1 

applied 

■ 

Temp.  Failure 
(  T)  (hr.) 

Fai lure 

H 


Sow  17  type  I  !  Evorlubo  GEO 


jHolykote  X-106 


Bleotrofilia  5396 


|  HAS  type  II  Ever lube  G20 


Holykote  X-lOG 


JSlectrofiln  5396 


211,914 

6,948 

153,172 

*4,112 

17,370 

0 

1,156 

15,054 

167,910 

41,668 

189,912 

176,016 

1,156 

0 

0 

0 

0 

0 

3,474 

1,158 

91,482 

1,621 

70,636 

2,316 
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FIGURE  I 


TEST  CUP  CONFIGURATION 

Notes: 

i.  Except  as  noted  in  V  svmbol,  hold  surface  finish  to  63  rms 

MICROINCHES. 

A, Concentricity  of  tapered  i.d.  to  qd.  to  be  within  0.0003  t.i.r. 


FIGURE  2 
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10.005 

TEST  RIDER  CONFIGURATION 


Notes: 

1.  Test  rider  material  to  be  .5.2100  steel  (rc  so). 
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WORK  REQUESTED 


OBJECTIVE  nm 


1 1.0  OBJECT 


To  evaluate  several  dry  film  lubricants  for  wear  life 
on  aluminum  add  magnesium  at  room  temperature  and  2$0°F. 


2.0  JUSTIFICATION 


Existing  vendor  data  recommends  use  of  dry  film  lubri¬ 
cants  on  aluminum  and  magnesium.  However,  no  testing 
has  been  conducted  at  MAC  to  substantiate  the  vendor 
data.  Several  recent  production  problems  have  indica¬ 
ted  a  need  for  test  data  to  permit  making  reliable 
recommendations  regarding  lubrication  of  MAC  products. 
/CgS  ‘/f " 

MATERIALS  '  ' 


1.0  MATERIALS  '  ' 

3.1  707S-T6  aluminum  Spec.  QQ-A-282  Cond.  T6 
Size:  l,£"dia.  rod  x  12.0" 

3.2  HM31A-F  Magnesium  Spec.  AMS  1*388 
Size-:  l,5"dia.  rod  x  8.0" 


3^  Modified  MacMillan  Tester  for  oscillatory  motion 
and  2I?Q0F  temperature. 

* 

1*.0  SPKClMi-iM  PREPARATION 


U.f  Manufacture  10  t<-3t  cups  from  7075^X6  aluminum 
and  7  test  cups  from  HM31a-F  magnesium. :  The 
test  cups  will  be  manufactured  per  Figure  I.  , 

U.Z  Manufacture  Criders  of  steel  (Rg  »  30^  per 

REV.  B.  CvAAueajc  uo.  UNiSO  as  *»efc.  memo  HP  <*2  -  2SZ 
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It.O  SPECIMEN  PREPARATION  (Continued) 

U.U  Pretreatments  (^specimens  per  pretreat). 

4.4.1  Aluminum 


(a)  Hard  coat  .002  Inches  thick  per  P.S.  13208. 

(b)  Alodine  per  P.S.  13209. 

(c)  Anodize  per  P.S.  13201. 


4.4.2  Magnesium 


(a)  Dow  17  per  P.S.  13217.^ 

(b)  MAS  par  P.S.  lj»2s - -  " 

4.5  One  specimen  per  pretreatment  shall  be  coated  with  each  of  the  foUMdat 
lubricants! 


/  C„</  ^ 


4.5.1  Molykote  X-106  per  P.B.  8*1  of  P.S.  1802. 

4.5.2  Electrofilm  99A  applied  at  Dynacraft,  St.  Louis. 

4.5.3  Everlube  620  applied  at  EdcoWtpex  Testing  Lab.  St.  Louis 
(baket  2  hrs.  &  225°P). 

5.0  TESTING 

5.1  Test  motion  shall  be  oscillatory  (210  cpm)  resulting  in  (4)  four  testing 

surfaces  per  specimen.  2  tests  at  room  temperature  and  2  tests  at  25D°F. 

5.2  Testing  shall  continue  until  the  coefficient  of  friction  (f)  «  0.2,  or 

until  50  hours  has  elapsed,  whichever  occurs  first, 

5.3  Loads  shall  be  applied  per  MIL-L-25504. 

5.4  Aluminum 

5.4.1  Test  each  specimen  at  room  temperature  with  10  lb.  on  the  hanger  on 
two  (2)  separate  surfaces. 

5.4.1  Test  each  specimen  at  250°F  with  3  lb.  on  the  hanger  on  two  (2) 
separate  surfaces. 

5.5  Magnesium 

5.5.1  Test  each  specimen  at  room  temperature  with  5  lb.  on  the  hanger 
on  two  (2)  separate  surfaces. 

5.5.2  Test  each  specimen  at  250°F  with  3  lb.  on  the  hanger  on  two  (2) 
separate  surfaces. 
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Sequence  of  tenting  shall  bes 

1.  Room  temperature  tests  of  hard  coated  aluminum  with  Kolykote  X-106 
lubricant, 

2.  Room  temperature  test  of  anodized  aluminum  with  Molykote  X-106  lubricant, 

3.  Sequence  unimportant  after  above  testing  in  completed. 


6,0  DkU  REQUIRED 

6.1  Report  the  number  of  cycles  to  failure  (f  •  0.2),  or  whether  the  specimen 
lasted  £0  hours. 

6.2  Photomicrographs  of  typical  failures  at  20X. 
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